Until now it has been impossible to observationally measure how star cluster scale height evolves beyond 1 Gyr as only small samples have been available. Here we establish a novel method to determine the scale height of a cluster sample using modelled distributions and Kolmogorov-Smirnov tests. This allows us to determine the scale height with a 25 % accuracy for samples of 38 clusters or more. We apply our method to investigate the temporal evolution of cluster scale height, using homogeneously selected sub-samples of Kharchenko et al. We identify a linear relationship between scale height and log(age/yr) of clusters, considerably different from field stars. The scale height increases from about 40 pc at 1 Myr to 75 pc at 1 Gyr, most likely due to internal evolution and external scattering events. After 1 Gyr, there is a marked change of the behaviour, with the scale height linearly increasing with log(age/yr) to about 550 pc at 3.5 Gyr. The most likely interpretation is that the surviving clusters are only observable because they have been scattered away from the mid-plane in their past. A detailed understanding of this observational evidence can only be achieved with numerical simulations of the evolution of cluster samples in the Galactic Disk.
INTRODUCTION
Star clusters act as tracers of stellar and Galactic evolution and are the building blocks of the Galaxy. The majority of stars in the Galaxy are formed in open clusters (Lada & Lada 2003) , and as such it is important to determine fundamental properties of both individual clusters (e.g. age, distance, reddening, metallicity), and large cluster samples (e.g. spatial distribution within and across the Galactic Plane, i.e. the scale height).
Open clusters are formed in Giant Molecular Clouds (GMCs) and can remain embedded for up to 10 Myrs. As an embedded cluster evolves, stellar feedback (i.e. stellar winds, jets, outflows, supernovae) influences the gas internal to the cluster. The resulting (radiative) pressure drives the gas (Froebrich et al. 2010) , significantly larger than their younger counterparts. Unfortunately, methods to determine the scale height are only applicable to larger sample sizes and fail in the case of small samples of rare old clusters. Thus, it has been difficult, observationally, to investigate the evolution of cluster scale height in smaller age bins, especially for the rare old objects.
Additional difficulties lie in the nature of open cluster catalogues (e.g. WEBDA, or DAML02 (Dias et al. 2002) ) as fundamental cluster parameters are often compiled from the literature and are hence not homogeneously determined. For example Froebrich et al. (2010) found that FSR 1716 has a distance of 7.0 kpc and an age of 2 Gyr, whereas Bonatto & Bica (2008) determined the cluster to have a distance/age of either 0.8 kpc/7 Gyr or 2.3 kpc/12 Gyr, respectively. Note that the differences in this case mainly arise from using different metallicities when estimating the parameters and interpreting features along the isochrone differently, or the whole cluster as a globular or open cluster. However, it serves as an example that homogeneously derived cluster lists, where any uncertainties in the determined values are systematic, are essential for a comprehensive analysis of large cluster samples.
In this series of papers we aim to homogeneously and statistically investigate the fundamental properties and large scale distribution of open clusters in the Galaxy. In Buckner & Froebrich (2013) (Paper I, hereafter) we established a foreground star counting technique as a distance measurement and presented an automatic calibration and optimisation method for use on large samples of clusters with Near-Infrared (NIR) photometric data only. We combined this method with colour excess calculations to determine distances and extinctions of objects in the FSR cluster sample from Froebrich et al. (2007) and investigated the H-band extinction per kpc distance in the Galactic Disk as a function of Galactic longitude. In total, we determined distance estimates to 771, and extinctions values for 775, open cluster candidates from the FSR list.
In this paper we investigate the relationship between scale height and cluster age. We will use our novel approach to calculate cluster scale heights, which can be applied to small sample sizes. We begin by building upon the work of Froebrich et al. (2010) , who determined the ages of the 'old' (>100 Myr) FSR cluster candidates, by homogeneously fitting isochrones to derive the ages of our FSR sub-sample and further refine their determined distance and extinction values. We follow this with a comprehensive analysis of the scale height of clusters in the homogeneous MWSC catalogue by Kharchenko et al. (2013) , the DAML02 list by Dias et al. (2002) and the WEBDA database.
This paper is structured as follows. In Sec. 3 we present our cluster sample and subsequent age analysis. Section 4.2 introduces our novel scale height approach. The results of our scale height and age analyses are discussed in Sec. 5. Our conclusions are presented in Sec. 6.
CLUSTER SAMPLES
In the latter part of this paper we aim to investigate the temporal and spatial scale height evolution of samples of clusters in detail. Ideally we require a variety of samples/catalogues to identify potential selection effects in them. Most importantly, however, we require a large number of clusters with a significant age spread and an extended distribution in the Galactic Plane to investigate positional variations of the scale height. There are four obvious choices of cluster samples (CS), each with its own advantages and disadvantages:
(i) CS 1: The MWSC catalogue by Kharchenko et al. (2013) . This catalogue was initially compiled from the literature (including many of the clusters in our other CSs) and contains 3006 real clusters with an additional few hundred that are flagged as either not real or duplicate entries. Using their data-processing pipeline, the authors homogeneously re−/determined distance, reddening, radii and age values for each object with isochrone fits and data from the PPMXL and 2MASS catalogues (see source paper for further details). Thus, any uncertainties in the cluster parameters are therefore systematic and not caused by inconsistencies in the sample. To date this is the most comprehensive, homogeneously derived star cluster catalogue available in the literature, which coupled with its extensive spread of cluster ages, makes it an invaluable resource.
From the catalogue we select only the real objects and exclude all the globular clusters, associations and moving groups, as we are only interested in real bound open clusters. For the purpose of our analysis moving groups, although part of open cluster evolution, are considered no longer sufficiently bound to be included. Objects flagged as 'Remnants' or 'Nebulous' are retained as they are typically associated with very old and very young open clusters, respectively.
We determine the completeness limit of the selected clusters by plotting the distribution of the surface density of clusters ( XY ) against the distance (dXY ) of the clusters from the Sun projected onto the Galactic plane. Note the authors of the MWSC catalogue find a deficit of old open clusters (log(age/yr) > 9.2) in the catalogue within 1 kpc of Sun. The exact cause for this is unknown, but it is reasonable to assume that this is due to the natural evolution of clusters into a less-bound state, thus becoming too large on the sky at short distances to be detectable. Taking the old cluster deficit into account, CS 1 is complete (or has at least a constant completeness) at a distance range of 0.8 -1.8 kpc from the Sun for |b| 90
• , with an average surface density of 115 clusters / kpc 2 (see top left panel of Fig. 1 ). Thus we only select MWSC clusters in this distance range to avoid any bias in the scale height determination later on. This final selection leaves 960 clusters in the CS 1 sample.
A recent study (Schmeja et al. 2014 , MNRAS, accepted) based on 2MASS photometry has identified a further 139, preferentially old, open clusters in the solar neighbourhood at |b| > 20
• . Including them into the CS 1 sample with the same selections applied to MWSC, would increase the CS 1 sample size by 79 objects. We refrain from doing this, since these new objects are exclusively at large distances from the Galactic Plane, and would hence introduce a bias into the sample.
(ii) CS 2: The current version of the DAML02 1 database
by Dias et al. (2002) . This online database is compiled from the literature and is regularly updated as new data becomes available. It contained 2174 objects at the time of writing. It is the largest open cluster database, with the exception of the MWSC catalogue (of which it formed the basis of). However, unlike the MWSC catalogue, the cluster parameters (distance, reddening, age, etc.) have not been redetermined and remain as derived by the respective authors of the literature. As such, the DAML02 database is inhomogeneous in nature. However the extent of this inhomogeneity is unknown as the authors of the parameters have analysed clusters on an individual basis i.e. extensively and not as a collective where misinterpretation of data can be made due to the systematic nature of the methods used to derive the parameters. For example, the cluster Stephenson 2 is a young massive cluster (4 × 10 4 M ) with 26 red supergiants at a distance of 5.8 +1.9 −0.8 kpc and an age of 12 -17 Myr (Davies et al. 2007 ), but is listed as having a distance of 1.1 kpc with an age of 1 Myr in MWSC . If the status of Stephenson 2 as being a young massive cluster is unknown (as was the case with MWSC in their blind-data-processing pipeline), its colour-magnitude diagram can be misinterpreted. Thus, for a comprehensive scale height evolution analysis it is of benefit to consider both cluster catalogues in order to compare the results and to evaluate if there are systematic differences.
We select all clusters from the DAML02 database which have distance, reddening and age value. Duplicate entries are identified as entries which had a counterpart within 3.5 and removed accordingly. The selected clusters are determined to be complete, or have a homogeneous completeness, for up to a 1 kpc radius from the Sun for |b| 90
• (see top-right panel in Fig. 1 ). The surface density of 110 clusters / kpc 2 within the 1 kpc radius is comparable to the MWSC catalogue, i.e. CS 1. The selections leave 389 open clusters in the CS 2 sample.
(iii) CS 3: The WEBDA 2 database based on Mermilliod (1995) . This online interactive database of open clusters contains 1755 objects to date. WEBDA is compiled from the literature, however it generally only includes high accuracy measurements, compared to the more complete DAML02 database, thus making it a prudent choice to include in our analysis in addition to both the DAML02 and MWSC data.
As for the first two cluster samples, we make a selection of objects which have distance, reddening and age values. The selected clusters are determined to be complete, have a homogeneous completeness, up to a 1 kpc radius from the Sun for |b| 90
• (see bottom left panel in Fig. 1) , with a surface density of 98 clusters / kpc 2 . This is slightly less than the values for CS 1 and 2, but still comparable. The selections leaves 358 open clusters in the CS 3 sample.
(iv) CS 4: The FSR List by Froebrich et al. (2007) . The authors of this catalogue used 2MASS star density maps of the Milky Way across all Galactic longitudes and within a Galactic latitude range of |b| 20
• to identify 1788 objects, including 87 globular clusters and 1021 previously unknown open cluster candidates.
In Paper I we presented and calibrated automated methods to determine the distances and extinctions to these star clusters using NIR photometry only and foreground star counts. Uncertainties of better than 40 % where achieved for the cluster distances , using a calibration sample with an intrinsic scatter of 30 %. We applied the method to the entire FSR list to determine distances and extinctions for a sub-sample of 775 open cluster candidates with enough members, of which 397 were new cluster candidates. Globular clusters were excluded as they are prone to additional intrinsic effects that affect photometric quality (e.g. central overcrowding) which could not be compensated for in our calibration procedure (for full details see Buckner & Froebrich (2013) ).
We aim to determine the ages of this FSR sub-sample using our data-processing pipeline (see Sect. 3.2.2). Clusters for which we were able to accurately determine all 3 parameter values (age, distance, reddening), are then selected and determined to have a homogeneous completeness at distances between 1.5 -2.1 kpc from the Sun for |b| 20
• , with a surface density of 15 clusters / kpc 2 (see bottom right panel of Fig. 1 ). The selections leave only 95 open clusters in the CS 4 sample.
The above determined cluster surface density shows that this FSR catalogue sub-sample is only complete at the ∼ 13 % level. However, it extends the cluster sample towards slightly larger distances, and contains a larger fraction of older clusters, compared to the other samples. This is evident in Fig. 2 where we present the age distributions of all four cluster samples. There the CSs 1, 2, 3 show the normal trend that is expected for samples selected as having a homogeneous completeness limit, i.e. a steeply decreasing number of clusters with age. For CS 4, however, the histogram is more or less flat between 0.5 and 2.0 Gyr. Furthermore, Fig. 2 also shows that the MWSC sample is the only sample large enough to contain a sizable number of clusters older than 1 -2 Gyr, or a large enough sample to potentially measure the age dependence of the scale height of these objects.
ISOCHRONE FITTING
For all of the above mentioned cluster samples, except the FSR clusters, there are ages available. To perform our analysis we hence need to determine ages for all the FSR objects. In the following section we detail our approach to fit isochrones with particular emphasis on performing these fits in an unbiased and homogeneous way and to obtain accurate ages.
For each FSR object the most likely cluster members are identified using the established photometric decontamination technique detailed in Paper I (Sect. 3.1). We then fit solar metallicity Geneva (Lejeune & Schaerer 2001) or pre-main sequence (Siess et al. 2000) isochrones (where appropriate) to the near infrared 2MASS colour-magnitude data of the highest probability cluster members (Sect. 3.2). As starting point we utilise our homogeneously determined distance and extinction values from Paper I. All clusters are then fit three times blindly (without knowledge which cluster is fit) and in a random order. The three values for age, distance and reddening are averaged to obtain the final cluster parameters. 
Cluster Membership Probabilities
To fit isochrones to NIR colour magnitude diagrams of clusters situated along the crowded Galactic Plane, the photometry needs to be decontaminated from foreground and background objects. Otherwise cluster features such as the main sequence and red giant branch are difficult to identify. We have detailed our approach to determine membership probabilities for individual stars in each cluster in Paper I. In the following we just provide a short overview of our method.
The photometric decontamination procedure was originally outlined in Bonatto & Bica (2007) and is based on earlier works by e.g. Bonatto et al. (2004) . Froebrich et al. (2010) have slightly adapted the original method to identify cluster members and we have applied the same procedure in Paper I and for the work presented here.
JHK photometry from the 2MASS (Skrutskie et al. 2006) point source catalogue is utilised for all stars in a cluster with a photometry quality flag of Qflag='AAA'. The radius of the circular cluster area (A cl ) around the cluster centre is chosen as one or two times the cluster core radius. The control area (Acon) is a ring with an inner radius of five core radii and an outer radius of 0.5
• . We define the Colour-Colour-Magnitude distance, rccm, between the star, i, and every other star j = i in the cluster area as:
(1) where JK = J − K and JH = J − H are the 2MASS NIR colours. We then determine r N ccm as the distance to the N th nearest neighbour to star i within the cluster area in this Colour-Colour-Magnitude space. As detailed in Paper I, the exact choice of the value for N will not influence the results, i.e. the identification of the most likely cluster members. Thus, in accordance to our procedure in Paper I we set N = 25. We then count the number of stars (N con ccm ) in the control field that are closer to star i in the Colour-Colour-Magnitude space than r N ccm . Normalising this number by the respective area allows us to determine the membership-likelihood index or cluster membership probability (P i cl ) of star i via:
Should statistical fluctuations lead to negative P i cl values, then the membership probabilities for this particular star are set to zero. Note that we are only interested in the most likely cluster members, whose P i cl values will not be influenced by this.
Isochrone fitting
Using the above determined cluster membership probabilities for stars in each cluster region, we utilise NIR colour-magnitude and colour-colour diagrams to fit isochrones to the data (see Fig. 3 for an example). Since we have no data available on the metallicities of the clusters, we homogeneously assume solar metal content. This could be not appropriate for particular clusters, whose [Fe/H] might range from -0.4 to +0.2, but statistically this assumption is justified. Furthermore, the median metallicity of all our clusters that have a WEBDA counterpart is Z = 0.02 (i.e. solar). We also note that our statistical errors of the cluster parameters caused by the manual isochrone fits are typically of the order of, or larger than, the systematic uncertainties caused by using a slightly erroneous metallicity. Furthmore, the age binsize used in our analysis in Sect. 5.2.1 is also of the same size or larger than potential age variations due to variations in the metallicity. Hence, the clusters in each bin provide a statistically valid representation of the age.
As model isochrones we utilise the Geneva Isochrones (Lejeune & Schaerer 2001) for intermediate age and old clusters. In some cases the clusters are obviously very young, i.e. contain Pre-Main Sequence (PMS) stars. For these objects we utilise the solar metallicity PMS isochrones from Siess et al. (2000) which cover the stellar mass range of (0.1M < M < 7.0M ).
Unbiased isochrone fits
Our aim is to determine the cluster properties (age, distance, reddening) and uncertainties for all FSR clusters in a homogeneous way. In order to achieve this we set up a manual pipeline which will be described in the following.
We only select FSR cluster candidates for which we have been able to automatically measure distance and reddening in Paper I. These are 771 of the FSR objects. The remaining clusters and cluster candidates will have an insufficient number of high probability cluster members, and hence any attempt to fit an isochrone to these objects will most likely be impossible or result in very large uncertainties.
In the literature there are many examples of a single cluster having multiple determined age, distance and reddening values. One such example is FSR 1716 (as discussed in the introduction) for which Froebrich et al. (2010) determined a distance of 7.0 kpc and log(age/yr) = 9.3, whereas Bonatto & Bica (2008) determined the cluster to be either 0.8 kpc/7 Gyr or 2.3 kpc/12 Gyr. A similar case discussed in Sect. 2 is Stephenson 2 (or RSGC 2). This is a young embedded, red supergiant rich cluster at a distance of about 6 kpc (e.g. Davies et al. (2007); Froebrich & Scholz (2013) ), while Kharchenko et al. (2013) lists a distance of only 1.13 kpc. Such inconsistencies can arise from different interpretations of which stars are potentially giants in the cluster. To account for these possibilities we decided to fit an isochrone to each cluster three times using a blind fit (the FSR number or previous fit results are unknown) and a randomised order.
Thus, one of us performed 2313 manual isochrone fits. In every case neither the FSR number nor the results from previous fits are known. We start each fit with plotting the NIR colour-magnitude and colour-colour diagrams (as shown in Fig. 3 ) where stars are coded based on their determined cluster membership probability. Overlayed on these plots are several Geneva isochrones of different ages (log(age/yr) = 7, 8, 9, 10) using the distances and extinction values for this cluster from Paper I.
The fitter then categorises the cluster in one of three types: i) unable to fit any kind of isochrone; no feature(s) resembling a star cluster is visible in the diagrams, hence the cluster is either not real or the object represents an Figure 3 . Isochrone fits for all stars within two cluster core radii for FSR 0233. Symbols represent the determined cluster membership probabilities:P i cl > 80 % red squares; 60% < P i cl < 80 % green stars; 40% < P i cl < 60 % blue diamonds; 20% < P i cl < 40 % purple triangles; P i cl < 20 % black plus signs. The left panel, shows the isochrone fit in the J − K/K colour magnitude space, the right panel shows the isochrone fit in the H − K/J − H colour colour space. The overplotted isochrone (black solid line) has the parameters of log(age/yr) = 9, distance of d = 1.6 kpc and H-band extinction A H = 1.3 mag.
overdensity that is too low to reliably identify the position of the most likely cluster members in the colour-magnitude diagrams; ii) cluster age identified as young; these objects are then fit by a pre-main sequence isochrone; iii) a clear intermediate age or old open cluster sequence is visible; for these objects the closest fit of the four isochrones is chosen and overlayed with a number of isochrones with steps in log(age/yr) = 0.05. The then closest fit is used as a starting point to freely vary all three isochrone parameters (age, distance, reddening) until a satisfactory fit is obtained. A similar procedure is performed for the pre-main sequence clusters.
Cluster characterisation and parameters
Once the entire sample of cluster candidates has been fitted by the above described method, i.e. there are three independent fits and classifications for each candidate, the results for each cluster are combined and objects are classified into the three categories discussed above. i) A cluster candidate is considered not a cluster or a too low significant overdensity if it has been placed at least twice into this category, or if it has been placed in each of the three categories once.
ii) An object is considered a PMS cluster if it has been placed at least twice into this category.
iii) An object is considered an open cluster if it has been placed at least twice into this category.
For the latter two categories we determine the cluster parameters (distance, age, extinction) as averages from the respective isochrone fits (either three or two). The resulting values are listed in the Appendix in Table A1 . The uncertainties listed in Table A1 are then the mean absolute statistical variations of the individual parameter values for each cluster as obtained by the fitter. Note that they do not include any systematic uncertainties caused by using solar metallicity isochrones.
SCALE HEIGHT DETERMINATION

Cluster distribution functions
In order to analyse the distribution of star clusters perpendicular to the Galactic Plane, one can assume that the space density N (Z) of clusters as a function of the height Z above/below the plane follows a certain analytical function. This could be for example an exponential distribution of the form
or
which is to be expected for a self-gravitating disk. In both equations N0 gives the central space density of clusters at Z = Z0, where Z0 is the vertical centre (zero point) of the distribution and h0 is the scale height. Both distributions are very similar within a few scale heights, and are in fact identical at |Z − Z0| = h0.
We plan to investigate the evolution of the scale height h0 as a function of cluster age and also the distance of the clusters from the Galactic Centre. The cluster samples we can utilise usually only include objects at most a few scale heights from the mid-plane. It is hence not of relevance which parametrisation we utilise and we chose the exponential distribution for the purpose of this paper.
Furthermore, our sample sizes to determine the free parameters of this distribution (N0, Z0, h0) are going to be small. Hence, any algorithm to determine these parameters needs to be robust for small samples and also allow us to estimate realistic uncertainties for each of the parameters in order to reliably infer trends or to identify differences in e.g. h0 which are statistically significant. Note that a simple exponential fit to a histogram for the Z distribution of clusters is not sufficient for this purpose, as it will break down easily even for sample sizes of the order of 100 clusters (see e.g. Bonatto et al. (2006) , Piskunov et al. (2006)).
Parameter determination
In order to ensure reliable values for the parameters (N0, Z0, h0) and accurate uncertainties even for small cluster samples (N < 100), we compare the distribution of Z-values of our sample with model distributions via a two sample Kolmogorow-Smirnov (KS) test (Peacock 1983) . The model distributions are obtained for different scale heights and Z0 values. The parameters of our cluster sample are taken as the values of the model distribution which shows the highest probability to be drawn from same parent distribution.
Model Distribution Size
The 2-sample KS-test uses a Cumulative Distribution Function (CDF) for the two samples of Z values to estimate the probability PKS that both are drawn from the same parent distribution. Our model sample of clusters will have to have at least the same range of Z-values as the observed sample whose parameters we are trying to determine. With the known Zmin and Zmax values of the observed sample, in principle we can determine an analytical expression for the CDF of the model by integrating Eq. 3 along Z. However, we decided to obtain this CDF by generating a sample of NM Z-values randomly distributed according to Eq. 3.
The size of NM should be as small as possible to limit the computing time, but as large as required to remove any uncertainties due to the random nature of the sample. We hence determined PKS values of an observed cluster sample against model cluster samples with NM Z-values. The size NM of the model cluster sample was varied from 300 to 50.000 objects. For each NM -value we repeated these tests multiple times with different random realisations of the distribution of Z-values. The size NM of the model sample was judged to be sufficient when for 9 out of 10 random realisations the PKS were identical. This occurred for model sizes of about NM = 30, 000. Note that we have repeated these tests for multiple combinations of h0 and Z0 values in the model, with no changes to the results. Hence, all our model cluster samples contain 30,000 clusters.
Model Parameter Ranges
As mentioned above, all our model distributions will contain Z-values for 30,000 objects within the minimum and maximum Z-value of the observed distribution whose parameters we are trying to determine. We want to determine the parameters (h0, Z0) of the observed distribution without any prior assumptions. Thus, we generated model distributions where the parameters h0 and Z0 did span the entire possible parameter space. In other words we varied h0 between 20 pc and 1000 pc, while Z0 had values between -160 pc and +100 pc. In both cases 5 pc increments where chosen for both parameters. This resulted in 197 x 53 = 10,441 different model distributions for each of the observed cluster samples.
Best Fit Parameters
We now perform a 2-sample KS-test of the observed sample against all the 10,441 model distributions to determine the probabilities PKS that the two samples are drawn from the same parent distribution. In Fig. 4 we show the distribution of PKS-values for one example of an observed cluster distribution (all selected clusters from CS 1 in the 4th Galactic Quadrant) over the entire modelled h0-Z0 parameter space, i.e. the figure shows PKS(h0, Z0). As one can see, for vast regions of the parameter space, the PKS-values are almost zero. Only for a limited area the the values are non-zero.
In order to find the best fitting parameters for the observed distribution we do not chose the set of parameters that leads to the highest probabilities PKS. Instead we fit a 2-dimensional Gaussian distribution to the PKS(h0, Z0) values, where the centre and width are free parameters. The central coordinates of this Gaussian are then taken as the best fit parameters for the observed distribution.
Parameter Uncertainties
Our above described approach generates two best-fit parameters for each observed cluster distribution. Since we plan to investigate potential changes with age or Galactocentric distance of the scale height of our observed cluster distributions, we require to know the uncertainties of our method in order to judge if any trends in the data are significant. In other words we need to estimate how large the uncertainties ∆h0 and ∆Z0 are and if/how these uncertainties depend on the value of the parameters and the size of the cluster sample.
In order to estimate these uncertainties we simulated Z-distributions for small cluster samples with various h0 and Z0 values and processed them with our above described procedure to determine their scale height and vertical zero point. Since we know the input parameters for each simulated distribution, we can evaluate the uncertainty for both parameters by repeating the process with 50 different random realisations of the simulated Z-distributions. The uncertainties ∆h0 and ∆Z0 are estimated as the rms of the individual measurements h0,i and Z0,i compared to the input values.
To test any dependencies of the uncertainties on the parameter values of h0 and Z0 we did two tests: i) we kept Z0 = -30 pc and varied h0 between 100 pc and 350 pc, which covers the potential range of scale heights for most of our observed samples; ii) we fixed the scale height to h0 = 200 pc and varied the vertical zero point of the distribution from -40 pc to +40 pc. In both cases no significant or systematic dependence of the uncertainties on the parameter values is found.
More importantly, we also need to test how the uncertainties depend on the sample size ND. We hence repeated all the above tests for simulated cluster samples with ND = 15, 30, 50, 75, 100, 200, 300 and 600 clusters. We find that the sample size ND has a systematic and significant influence on the uncertainties of both parameters h0 and Z0. In particular we find that the relative uncertainty of the scale height scales with the sample size ND approximately as a power law. Also the absolute uncertainty of the vertical zero point of the distribution scales as an approximate powerlaw with the sample size, but only for small samples. Above a sample size of about 100 clusters, the absolute uncertainty of Z0 remains constant. This is shown in Fig. 5 .
From our powerlaw fits we can hence calculate the uncertainties from our method solely from the knowledge of the sample size ND using the following equations:
In other words, the relative uncertainty of the scale height scales roughly with the inverse of the square root of the sample size, while the absolute uncertainty of the zero point scales as the inverse of the sample size. We believe that the constant uncertainty of the zero point Z0 above a sample size of about 100 clusters is caused by our step size of 5 pc in the model distributions. For such large samples the uncertainty becomes smaller than half of our step size, which then becomes the limiting factor compared to the sample size. Should higher accuracies for Z0 be required, the step Figure 4 . Plot of the P KS values for an observed cluster distribution for the entire modelled h 0 vs Z 0 parameter space. Crosses indicate the positions for which we performed a KS-test. The colours/contours indicate the probabilities that the modelled and observed distributions are drawn from the same parent sample. Most of the P KS values are almost zero (white, lowest contours), and the highest non-zero values (red, highest contours) are only found in a small area of the parameter space. The sample contains all clusters from the MWSC catalogue (CS 1) within our chosen distance range in the 4th Galactic quadrant. There are 313 clusters in this sample and we find a best fit for the scale height of 68.1 pc and the vertical zero point of -9.9 pc.
size can be decreased. We refrain from this in this paper, since we judge 2.6 pc as uncertainty for Z0 for large samples sufficient.
RESULTS AND DISCUSSION
FSR cluster characterisation and parameters
Our data-processing pipeline was applied to the sub-sample of 775 FSR List clusters which had a distance and extinction values determined in Paper I. Here we successfully determine the ages of 298 clusters. All their parameters and respective uncertainties are listed in the Appendix in Table A1 . Hence, only about 40 % of the investigated FSR clusters passed our stringent criteria for a successful isochrone fit. Of those, 216 are flagged as previously 'known', and 82 as 'new' in the FSR catalogue. Note, that 'new' stands for clusters that are new discoveries in (Froebrich et al. 2007 ). Thus, we confirm here that these 82 previously unknown objects are in fact real clusters and determine their parameters.
The low percentage of these 'new' clusters in the entire sample can be interpreted in two ways: (i) A large fraction of these clusters are overdensities but not in fact real clusters, i.e. no isochrone could be fitted; (ii) It is significantly more difficult to fit isochrones to these clusters since they are less significant overdensities. Froebrich et al. (2007) showed that about half of the entire FSR list of 'new' objects might in fact be not real clusters but overdensities, which was confirmed through spatial analysis by Bica et al. (2008) and Camargo et al. (2010) . However, as discussed in Paper I, the contamination of the cluster sub-sample of 775 objects used here is less than 25 %, thus at least 75 % of the clusters are potentially real. During the isochrone fits for the clusters in our FSR sub-sample, it was noted that a large proportion of clusters had a poorly defined main sequence; in many cases only the top was visible within the 2MASS magnitude limit and thus an isochrone fit was not possible under the constraints of our data-processing pipeline. On completion of the pipeline, we found that a large proportion of the known objects had a clear and well defined main sequence and/or red giants, whereas the unknown objects had fewer members (hence they remained undetected) whose main sequences were not as well defined, and in many cases fell below the magnitude limit of 2MASS. We would argue, therefore, that the low number of confirmed new clusters in our sample is a reflection of the difficulty involved in fitting isochrones to the new objects, rather than the majority being over-densities.
We make a comparison of the distance and H-band reddening values determined in Paper I using our novel photometric method (D P I , A P I H ), and those from our data-processing pipeline described in Sect 3.2.2 of this paper (D P 2 , A P 2 H ). The two distance values depend linearly on one another, with D P 1 ≈ 25% larger than D P 2 , with a scatter of 65 % and Pearson correlation coefficient of 0.89. The primary source of the large scatter are clusters concentrated at small distances, i.e. D P 2 3kpc. The scatter decreases with increasing D P 2 . This can be explained since our photometric distance measurement method in Paper I works by measuring the density of stars foreground to a cluster which is more accurate for larger, more extincted objects.
The two reddening values also depend linearly on one another, agreeing within 5% with a scatter of 9% and Pearson correlation coefficient of 0.95. Unlike D P 1 , the determination A P 1 H depends only on the ability to accurately determine a clusters median colour, and hence is independent of individual cluster reddening values.
Furthermore, we have compared our ages to the ages in MWSC, for the clusters which are in both lists. There are a few obvious outliers, where ages differ by a factor of 10 or more. However, after removing those, both ages show a correlation coefficient of 0.73, with a rms scatter of 0.19 for log(age/yr). The latter can be interpreted as a more realistic uncertainty of the ages determined for the FSR clusters, compared to the pure statistical estimates quoted in Table A1 .
As already stated in Sect. 2, the resulting FSR sub sample after the age determination is only very small. If we further require a homogeneous completeness for the scale height analysis, the sample size becomes even smaller. Hence we have not included the FSR-subsample in the scale height analysis performed in the remainder of the paper. However, as is evident in the radial distribution (lower right panel of Fig. 1 ) and the age distribution (lower tight panel of Fig. 2) sample is dominated by rather old, and distant clusters. They are hence in itself an important addition to the existing large cluster samples, potentially enlarging their current radius of completeness.
Cluster Scale Height and Zero Point
Our novel method is designed to determine a cluster sample's scale height h0 and zero point Z0, whilst significantly reducing the restraint on sample size. The approach to utilise modelled distributions in conjunction with KS-tests allows us to determine h0 with a better than 25 % accuracy for a sample of 38 clusters or larger. For the same sample size we can determine Z0 within 8.5 pc. In the following we hence investigate sub-samples of CS 1, 2, 3 with roughly this size, in order to establish if there are systematic and/or significant evolutionary or positional trends in the cluster distribution within the plane of the Galaxy. We investigate each of the three cluster samples to find out if there are differences between them that might be caused by potential biases in the samples.
h0 Evolution with Age
We investigate how scale height changes with cluster age. In  Fig 6 we show the scale height values we derived using our method over a range of age bins. The age ranges for each bin and the number of clusters in them for every CS are listed in Table 1 . There is a general trend of increasing scale height with cluster age. Most notably there is an apparent marked increase in the gradient at log(age/yr) = 9 or a cluster age of about 1 Gyr. We perform a linear fit of the scale height against log(age/yr) and find that the observational trend in Fig. 6 can be characterised by: h0 ∝ 11.0 pc · log(age/yr) if age 1 Gyr 880 pc · log(age/yr) if age 1 Gyr (7) where h0 is the scale height and log(age/yr) is the cluster age. Note that at an age of 10 Myr, the time when gas expulsion has typically finished, the scale height of the clusters is about 50 pc. Please note that the above given values for the changes of scale height with cluster age are independent of the actual choice of the borders for our age bins. The only sample where the marked change in behaviour at 1 Gyr is not evident is CS 3 -WEBDA. The reason is that in our homogeneously selected sub-sample there are simply not enough old clusters to trace h0. In particular the oldest age bin spans a factor of 14 in age (see Table 1 ), but is dominated by clusters of an age of 1 Gyr. CS 1 and CS 2 show essentially the same behaviour for older objects (see Fig. 6 ), even if there is just one 'old' age bin for CS 2. Previous efforts to determine the h0 of older clusters as a function of age have had limited success. Restrictions on sample size caused by the small size of the older cluster sample and the spread of their distributions with increasing age, has until now prevented a detailed analysis of evolution of the scale height of old clusters. Attempts to place a value Figure 6 . Evolution of the cluster scale height h 0 with age for the 3 investigated samples. Black triangles indicate CS 1 (MWSC), blue squares indicate CS 2 (DAML02) and red diamonds CS 3 (WEBDA). The horizontal 'age' error bars indicate the typical rms of log(age/yr) from the median age in each bin. The dashed line is the approximate scale height -age relation for field stars (see text for details).
on the scale height have yielded a value of h0 = 375pc for clusters older than 1 Gyr (e.g. Froebrich et al. (2010) ). From Eq. 7 and Fig. 6 , this value corresponds to an age of about 2.2 Gyr i.e. in the middle of the 'old' cluster age bin. Hence this literature value is an average scale height for clusters older than 1 Gyr. Figure 6 also demonstrates the superiority of the MWSC list in combination with our novel approach to determine the scale height, as the larger sample size of CS 1 allows us to clearly trace the scale height evolution for objects older than 1 Gyr in several bins and to show that there is a systematic significant observational trend in the cluster scale height with age for objects up to 5 Gyr.
To the best of our knowledge there are currently no numerical investigations of the scale height of stellar clusters as a function of age in the Galactic Plane. This is most likely due to the complexity of the problem which requires following the evolution of individual stars in clusters of varying mass to account for the cluster dissolution over time, as well as the cluster as a whole in the gravitational potential of the Galactic Disk. However, we can try to compare the scale heights of objects of different ages with the here determined evolution of h0 for clusters to infer the basic physical reasons for the evolution, and in particular the marked change in behaviour after about 1 Gyr. The dust in the Galactic Plane has a scale height of about 125 pc (Drimmel et al. 2003; Marshall et al. 2006) in the vicinity of the Sun. At an age of 1 Myr, Fig. 6 and Eq. 7 show that young star clusters have a scale height of 40 pc. This is right in the middle of the range of scale heights estimated for massive OB-stars (30 -50 pc; (Reed 2000; Elias et al . 2006)). Since the formation of these massive stars is inextricably linked to clustered star formation, this is expected. Thus, the formation of massive stars and clusters is only possible within the densest part of the ISM (within one third of the dust scale height), and no significant fraction of locally observable clusters (without OB-stars) forms in lower density environments, further away from the disk midplane.
The number of clusters declines over time (see Fig. 2 ) which is well known and understood from numerical models (e.g. Gieles et al. (2008) (2005)). Causes of disruption timescales depend on both internal and external processes such as e.g. stellar evolution, tidal stripping and relaxation, shocking by spiral arms and encounters with giant molecular clouds. A consensus in the literature has not yet been reached on the role that cluster mass plays in disruption (for a discussion see e.g. Bastian (2011)). The dominant disruption process at a few 100 Myr is stellar evolution through member loss. In combination with external processes, clusters may gain enough energy from the ejection of low mass members to cause the observed moderate changes in scale height during that phase. We find a 10 pc increase in h0 per dex in cluster age from the formation to 1 Gyr, but the correlation coefficient is only 0.5, and as low as 0.1 when only considering the first 300 Myr of evolution. Thus for the first few 100 Myr the data suggest no evolution in h0, but the scale height at an age of about 1 Gyr reaches about 75 pc. This is comparable or smaller than the scale height of other young objects in the disk (e.g. After the surviving clusters reach an age of about 1 Gyr, or a scale height of 75 pc, there is an apparent sudden increase in h0 corresponding to a change in the evolutionary behaviour. The increase in scale height is about 880 pc/dex in age. It has been shown that, assuming mass dependent disruption, clusters with a mass of less than 10 4 M and within 1 kpc of the Sun are disrupted after 1 Gyr (Boutloukos & Lamers 2003) . Hence, we expect the cluster sub-samples after 1 Gyr to be dominated by initially massive clusters. Thus, if clusters have survived for this duration, they must have been scattered into an orbit which places them preferentially far away from the Galactic mid-plane. This enables them to spend much less time in the denser parts of the Galactic Disk, decreasing their probability for disruption via external process (spiral arms, encounters with GMCs) and increasing their chances of prolonged survival. In other words, the increase in scale height also implies that the population of old clusters is dominated by objects that have undergone at least one violent interaction event in their past that has moved them into an orbit inclined to the Galactic Plane. This observational evidence should hence be able to put tighter constraints onto comprehensive numerical models of cluster evolution and disruption in the context of the entire Galactic Disk.
Note that the behaviour of the scale height for clusters is markedly different to estimates for field stars. To illustrate this we have overplotted the principle trend observed for main sequence field stars of varying ages in Fig. 6 . This qualitative trend has been obtained by utilising colour dependent velocity dispersions for main sequence stars presented in Dehnen & Binney (1998). As one can see in Fig. 6 , the heating of the stellar compontent of the disk occurs gradually, while for the cluster component there is a discontinuity around 1 Gyr. This demonstrates the difference of the underlying physical mechanisms for the increase in scale height. While the stellar component is heated via N-body interactions, the tidal field and GMCs, the clusters have a much stronger rate of disappearing from the observational sample with increasing age, and are only moved to large scale heights (and thus able to survive) via interactions with massive objects such as GMCs.
h0 Dependence on Galactic Position
We investigate if the cluster scale height changes with Galactocentric radius, RGC . To eliminate the apparent age effects discussed in Sect. 5.2.1, we determine h0 for 4 age bins. These are: bin 1 -age less than 80 Myr; bin 2 -age between 80 Myr and 200 Myr; bin 3 -age between 200 Myr and 1 Gyr; bin 4 -age above 1 Gyr. Each of these age bins is separated into 3 ranges for the RGC values per cluster sample. See Table 2 for details of each bin. Note that this table does not contain the details for the oldest age bin 4, as the paucity of old clusters did not allow to split them into several RGC bins and still being able to determine scale height and zero point with sufficient accuracy to draw any meaningful conclusions. In Fig. 7 we show that there is a positive trend between h0 and RGC for clusters younger than 1 Gyr, which can be expressed as: 
where h0 is scale height and Rgc is the median Galactocentric distance of a cluster sample. There is considerable scatter, but the Pearson Correlation Coefficient for the data points, determined including the uncertainties, ranges from 0.75 to 0.85 for the age bins 1 -3. It has a value of 0.80 for the combined sample of all three age bins shown in Fig. 7 . The trend of increasing scale height with Rgc is virtually identical for the age bins 2 and 3, and only slightly stronger for the youngest clusters in bin 1. Note that at the solar distance to the Galactic Centre (assumed to be 8 kpc) the clusters have a scale height of about 65 pc.
For some of the above not considered RGC bins of the old clusters (age above 1 Gyr), we where able to determine the scale height. The values for h0 are dominated by the younger clusters in the age bin, and all scale heights are between 200 pc and 400 pc. However, no correlation of the scale height with RGC is evident for these older clusters. This is expected from our findings in the last section, which indicated that the old objects are dominated by clusters scattered away from the plane in the past.
As for the age evolution of the scale height, there are to the best of our knowledge no numerical simulations to investigate this. Hence, our data should proof vital to constrain potential large scale numerical simulations of cluster evolution in the Galactic Disk. However, we can try to understand this weak observed trend to infer its cause. Since we have eliminated the effect of cluster age, by considering the different age bins, and have found that there is almost no evolution of h0 for the first few 100 Myr, any trend in the scale height of the cluster sample has to be imprinted on it during the formation. Indeed there seems to be a moderate flaring of the molecular (star forming) material in the disk (e.g. Sanders et al. (1984) ; Wouterloot et al. (1990) ). More massive clusters (which include OB-stars) should also form closer to the mid-plane. These are the objects which are more likely to survive for a given time. Thus, potentially the observed effect could be caused by the fact that at smaller RGC values there are more massive clusters formed, originally closer to the mid-plane, than further out at larger RGC . Hence the scale height is dominated by originally higher mass clusters towards low RGC and by less massive clusters at higher RGC . However, only detailed numerical simulations of cluster populations in the Milky Way in combination with accurate cluster mass estimates, both outside the scope of this work, can investigate this properly. Note that this weak trend could in part also be explained by a systematic metallicity gradient in the Galactic Disk.
Vertical Displacement Z0
We also investigate how Z0 changes with cluster age and RGC . We find that there is no dependency of Z0 with any of the parameters for our samples. This is an expected result as the spatial distribution of clusters should follow the symmetrical distribution function for vertical displacement above/below the Galactic plane (Eq. 3, 4), such that cluster interactions and disruptions are also symmetrical. Thus, as h0 increases with cluster age, Z0 will remain constant and only depend on the position of the Sun with respect o the plane.
We have used this to average all the Z0 values in our samples to obtain the mean vertical displacement of the Sun with respect to the Galactic Plane based on the local distribution of stellar clusters. We find a mean value of Z0 = −18.5 ± 1.2pc, and thus Z = 18.5 ± 1.2pc (which is in agreement with accepted literature values based on other objects, see e.g. Reed (2006) , Humphreys & Larsen (1995) ).
CONCLUSIONS
We aim to study the temporal and spatial evolution of the scale height of star clusters in the Galactic Plane.
In a first step we successfully determined ages of 298 clusters from the FSR list by (Froebrich et al. 2007 ) by fitting isochrones. We used our automatically determined distances and reddening values from Buckner & Froebrich (2013) as starting points. Our FSR sub-sample is dominated by old objects (age > 500 Myr) with distances between We have developed a novel method to determine the scale height and vertical zero point of cluster distributions using models and Kolmogorow-Smirnov tests. This significantly lessens the restraint on the sample size and allows us to measure scale heights with 25 % accuracy for cluster samples as small as 38 objects. At the same time we are able to infer the sample zero point within 8.5 pc. For larger samples these errors can be significantly reduced.
To investigate the temporal evolution of cluster scale height we investigated homogeneously selected sub-samples of star clusters from four large star cluster catalogues (MWSC (Kharchenko et al. 2013 ), DAML02 (Dias et al. 2002 , WEBDA, FSR (Froebrich et al. 2007) ). The selected sub-sample of the FSR list is too small to be included in our subsequent analysis. We find that most of our results are independent of the cluster catalogue, despite their very different criteria for cluster inclusion and parameter estimation. As expected, the MWSC catalogue in combination with our novel scale height determination method, provides the best 'time resolution' for our investigation.
We find that star clusters are formed (age 1 Myr) with a scale height of 40 pc. This is the same as what has been found for OB-stars (Reed 2000; Elias et al. 2006) , demonstrating the link of massive and clustered star formation. For the next 1 Gyr the scale height of the surviving clusters only marginally increases by about 10 pc per dex in age until it reaches about 75 pc. The data are in agreement with no evolution of h0 for the first few 100 Myr.
Fom 1 Gyr onwards the scale height of the surviving cluster population increases significantly faster with about 880 pc per dex in age. The reason for this is most likely that the old cluster sample is dominated by objects which have been scattered by one or more interactions with Giant Molecular Clouds into orbits away from the Galactic Plane. Clusters that do not undergo such a violent event will stay close to the plane, and not survive to ages of several Gyr. This is markedly different to the behaviour of the stellar component in the Galactic Disk.
We further find a weak age-independent trend of cluster scale height with distance from the Galactic Centre. This might be caused by the mass dependence of the formation of stellar clusters in the disk or a metallicity gradient. No significant temporal or spatial variations of the zero point of the cluster distribution have been found. Based on the cluster distribution we estimate that the Sun has a position of 18.5 ± 1.2 pc above the Galactic Plane, in agreement with past measurements using different tracers.
A detailed understanding of the here presented observational evidence can however only be achieved with numerical simulations of the evolution of cluster samples in the Galactic Disk. Furthermore, more accurate observational cluster parameters, such as distances from GAIA, larger complete samples of clusters, as well as accurate mass estimates for them will certainly aid our understanding of how the dissolution of clusters over time contributes to the stellar content of the thin and thick disk of the Galaxy. Table A1 : Summary table of the FSR cluster properties determined with our isochrone-fitting pipeline (the full table will be published online only). The table lists the FSR ID number, the cluster type (known open cluster or new cluster candidate), cluster class (PMS or OC), the distance in kiloparsec determined using our photometric method in Paper I (D P 1 ), our pipeline (D P 2 ) and uncertainty (∆D P 2 ); the H-band extinction values calculated from H − K excess using our photometric method in Paper I (A P 1 H ), our pipeline (A P 2 H ) and uncertainty (∆A P 2 H ); the age in log(age/yr) and uncertainty (∆ log(age/yr)). Note that ∆A P 2 H and ∆ log(age/yr) are only the statistical variations of the three isochrone fits and do not account for systematical uncertainties due to the use of solar metallicity isochrones.
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